The importance of timing general aviation landing flares is well documented. Initiating the flare too high or too low may cause structural damage (Christy, 199 1 ; Jorgensen & Schely, 1990 ) and even discourage some students 6om pursuing the private pilot certificate (Collins, 198 1 ; K i 1998; Matson, 1973) . Nevertheless, the mechanisms by which pilots time the landing flare are equivocal. The purpose of this paper is to investigate the visual cues pilots use to time the landing flare.
Scientific publications have attempted to explore the procedural process of timing the landing flare, and although an in-depth discussion is beyond the scope of this paper, the use of optic flow and monocular cues will be considered. Gibson (1950) and Calvert (1950) first considered the notion of optic flow. As the aircratt approaches the runway, everything expands in an apparent outward motion with the exception of the touchdown focal point that has an optic flow expansion of zero (Grosz et al., 1995; Thom, 1992) . Current time-to-contacttheories (Grosz et al., 1995; Mulder, Pleijsant, van der Vaart, & van W i e~g e n , 2000) suggested that pilots use this rate of angular expansion to estimate time of impact.
Thus, time-to-contact theorists suggest that pilots time (i.e., initiate) the flare as a result of a perceived timeto-collision with the runway, not as a result of perceived altitude Above Ground Level (AGL) (Lee, 1976) . Other theorist. suggest that pilots initiate the flare as a result of perceived altitude AGL. They suggest that as the aircraft approaches the runway, pilots attend to two-dimensional cues laden with depth perception information (Benson, 1999) . These cues are known as monocular cues and were studied at least as early as Leonardo Da Vinci to promote the effect of depth in a two-dimensional canvas. Table 1 summarizes monocular cues that pilots ~equently use to infer altitude AGL. Third, it appears that the leaning of time-tocontact (Hasbrook, 1983) 
Materials and Procedure
The questionnaire used in this study was the same one used by Benbassat, Williams, & Abramson (2005). The questionnaire was developed with the assistance of aviators and aviation experts. This paper discusses one item that relates to the visual cues pilots use to time the landing flare.
Participants were presented with a screenshot fiom a Microsoft Flight Simulator 2000 Professional Edition. The screenshot depicted a cockpit view fkom a Cessna 182 Skylane on approach for landing at Mojave Airport (KMHV) in Ca1ifornia:As shown in Figure 1 , the screenshot included an instrument panel view and outside anterior view of final approach to runway 12. Interior and exterior views depicted a normal approach and aircraft configuration. Finally, the screenshot depicted the aircraft at 29 18 ft MSL, which is 127 ft AGL. Instructed to assume "optimal conditions (i-e., no cross-wind, unlimited visibility) and normal landiing procedures (i.e., no obstructions, adequate runway length, hard surface)", participants i m a g i i that they are "on a Education & Research, Vol. 15, No. 1 [2005] Whereas the altimeter is an intuitive altitude AGL perception aid, it is not clear what altitude information is provided by the airspeed indicator, attitude indicator (AI), and vertical speed indicator (VSI). Yet, Figure 2 shows that these hstrurnents were mentioned as altitude AGL perception aids. These findings may be attributed to incoherent questionnaire instructions or participant lack of attention. Nevertheless, as cited in the materials section, participants were explicitly instructed to circle altitude perception aids. It is impossible to eliminate the possibility of lack of attention or carelessness, but such behavior is not expected or characteristic of professional aviators.
A parsimonious alternate to incoherent instructions or lack of attention may be procedural knowledge that is not mediated by conscious awareness. Albeit vision is the most important altitude perception aid on approach and landing, pilots find it difficult to articulate how vision is used to determine altitude AGL (Benbassat & Abramson, 2002b) . This study presented pilots with a Microsoft screenshot in the hope that they'could identifL what they find difficult to articulate. Nevertheless, it is possible that in the desire to satis@ role demand, pilots simply circled all familiar cues, altitude or otherwise. For example, the airspeed indicator is used to control the rate of descent on approach and the VSI may be used to reference the rate of descent. Thus, the inappropriate responses may indicate that pilots were unable to provide appropriate responses.
In reality, aviators learn to associate visual cues with altitude AGL. It is recommended that future studies utilize behavioral techniques to facilitate and haste this association. Such techniques may reduce flight training costs, pilot attrition from flight training programs, improper flares, and maintenance expenditure associated with improper flares. Danny Benbassat, Ph.D. is the director ofthe Human Factors Laboratory at Ohio Northern University. His students study broad range of topics such as automotive human factors, aviation human factors, and human-computer interaction. As an aviator, Dr. Benbassat has taken a special interest in the landing flare and has been studying the maneuver since 2002.
